INTRODUCTION
Preliminary remediation goals (PRGs) are useful for risk assessment and decision making at Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) sites. PRGs are upper concentration limits for specific chemicals in specific environmental media that are anticipated to protect human health or the environment. They can be used for multiple remedial investigations at multiple facilities. In addition to media and chemicals of potential concern, the development of PRGs generally requires some knowledge or anticipation of future land use. The development of PRGs at Oak Ridge National Laboratory (ORNL) is proceeding as two separate exercises among experts in environmental and human health sciences, but the goals are brought together during remedial investigations.
In Preliminary Remediation Goals for Use at the U. S. Department of Energy Oak Ridge
Operations Office, PRGs intended to protect human health were developed with guidance from Risk Assessment Guidance for Superfund: Volume I-Human Health Evaluation Manual, Part B (RAGS). However, no guidance was given for PRGs based on ecological risk. The numbers that appear in this volume have, for the most part, been extracted from toxicological benchmarks documents for ORNL. The sources of the quantities, and many of the uncertainties associated with their derivation, are described in this technical memorandum.
PRGs are intended to correspond to minimal and acceptable levels of effects on the general ecological assessment endpoints as defined in the data quality objectives (DQO) process for ecological risk assessments on the Oak Ridge Reservation (Suter et al. 1994) . In general, they correspond to small effects on individual organisms which would be expected to cause minimal effects on populations and communities. The PRGs may not be sufficiently protective of species of special concern which are based on effects on individual organisms (Suter et al. 1994) . Remedial goals for such species should be developed ad hoc and should be based on no-observedadverse-effects levels (NOAELs).
TOXICOLOGICAL BENCHMARKS AND ARARS
Toxicological benchmarks have previously been developed at ORNL for the initial screening of contaminants for potential consideration in risk assessments. Some of these are Applicable or Relevant and Appropriate Requirements (ARARs) for remedial action, and others are quantities derived from toxicity test endpoints. Although selected benchmarks are used as PRGs in various media, the two quantities should not be confused. The major differences are:
The guidance document for human health PRGs (Energy Systems 1995) requires that remedial goals be based on ARARs or concentrations determined by risk assessment (EPA 1991) . For ecological endpoints, the only federal or state ARARs are National Ambient Water Quality Criteria (NAWQC), available for more than a dozen contaminants in surface waters, and sediment quality criteria available for only five organic contaminants. The United States Environmental Protection Agency (EPA) guidance document provides no equations to protect ecological endpoints or suggested levels of protection analogous to the 10 risk for human carcinogens (EPA 1991).
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ENVIRONMENTAL MEDIA
Three environmental media are considered here: surface water, sediment (including pore water), and soil. Groundwater contamination has greater consequences for human health than for nonhuman organisms. Data on microscopic and other small biota of groundwater are scarce. Therefore, ecologically-based groundwater PRGs are not presented in this technical memorandum. Although contaminants of potential concern at a site can be identified based on concentrations in food for wildlife or in the organism's tissues, ultimately one of the three media mentioned previously will be remediated. Therefore, the media examined do not include "foods" and are limited to surface water, sediments, and soil.
LAND USE SCENARIOS
A major difference between this document and the guidance provided in RAGS and used in the human health PRGs guidance report (Energy Systems 1995) is that this report lacks emphasis on land use scenarios. For human health, land use determines human activities which determine exposure. Exposure pathways for humans can change, for example, depending on whether the land is industrial or not. Bathing may occur in residential areas and not in industrial areas; ingestion of plants (by humans) may not occur in industrial areas; and inhalation of particulates should not be significant in residential areas. Therefore, because humans engage in different activities in different locations, exposure will depend on land use.
Plants and animals, however, tend to inhabit a particular location and engage in all activities on that particular site. If a site is current or future habitat, then the PRG applies. The streams that flow through agricultural, residential, or industrial lands have the potential to support invertebrates and fish, regardless of land use. Land use types will only indirectly influence aquatic life, for example, through nutrient inputs to a stream. Similarly, exposure pathways for wildlife are not expected to change, depending on land use, though the relative emphasis of one pathway over another may be somewhat altered. If a site contains no habitat, such as a parking lot, it should be screened out during the conceptual development phase for an operable unit (i.e., before a remedial investigation is undertaken).
For lower organisms that are immersed in a medium, the spatial scale is so small that issues of land use do not usually arise (an exception may be soil organisms, as discussed in the following text). The physical habitat for organisms in a stream need not be substantially changed when land uses change. In these cases, correlations between concentrations and effects are used more often than detailed exposure equations. It is notable that ARARs (NAWQC and sediment quality criteria) are not attached to any particular land use scenario. The emphasis for ecological PRG development is on summary statistics for a wide range of effects on a wide range of organisms in a wide range of laboratory and field environments.
Among organisms that are exposed to aquatic contaminants, land use is probably most important to piscivorous wildlife, such as osprey or mink. For some contaminants in water, PRGs are based on aquatic-feeding species. PRGs for water account for both bioaccumulation through the food chain and drinking water. Piscivores may not feed as frequently under industrial land use scenarios. However, this document recommends the same PRGs for water in all contexts because of the paucity of information on piscivore behavior.
A second exceptional case where land use may be important is during the development of PRGs for soils. Soil microbial, invertebrate, and plant communities will be dependent on the management and nutrient additions and extractions from soil. Therefore, PRGs presented for soil may be modified according to land use.
MODIFICATION OF PRGS
Non-ARARs-based PRGs may be modified during the remedial investigation/feasibility study (RI/FS) using site-specific data (EPA 1991). Modifications may be based on:
1. land use assumptions; 2. exposure assumptions and habitat considerations (e.g., fraction of land that is suitable habitat); 3. environmental assumptions used for ORNL toxicological benchmarks (e.g., water hardness, soil pH, and organic content);
4. synergistic, antagonistic, or additive effects of pollutants;
5. impacts of contamination of one medium on another (EPA 1991);
6. impacts of remediation of one medium (such as sediments) on contamination of another medium (such as surface water);
7. effects of remediation on organisms and their habitat;
8. new contaminants of concern;
9. desirable level of protection.
In addition, Remedial Goal Options (RGOs), the clean-up goals recommended in the RI/FS, can contain objectives other than concentration limits in environmental media. Two examples are to (1) prevent a contaminated plume from intersecting a stream and (2) prevent toxicity in a standard toxicity test of the contaminated medium.
SURFACE WATER
PRGs for surface waters were chosen by comparing the ORNL benchmarks for screening toxicity of contaminants to aquatic life (chronic NAWQC or secondary chronic values; Suter and Tsao 1996) with those for toxicity to piscivorous wildlife (LOAEL; Sample et al. 1996) . The lower of the two benchmarks is the PRG listed in Table 1 . If the benchmarks and therefore the PRGs are not exceeded, the contaminant concentration in water probably presents no significant ecological hazard. Since the NAWQC are ARARs for remedial action, they serve as the basis for screening contaminants in water. The chronic NAWQCs are EPA's calculation of final acute values (FAV) divided by final acute-chronic ratios (FACR), where the FAV is the fifth percentile of 48-to 96-hour median lethal concentration (LC50) values or equivalent median effective concentration (EC50) values for each criterion chemical. The FACR is the geometric mean of quotients of at least three LC50/CV ratios from tests of different families of aquatic organisms (Stephan et al. 1985) . For several metals, NAWQC are functions of water hardness, and the default PRGs for those metals assume a water hardness of 100 mg/L. However, site-specific water hardness may be substantially different, thereby altering the magnitude or perhaps the direction of the difference between the aquatic life and piscivore toxicological benchmarks.
In this technical memorandum, as well as in the report by Suter and Tsao (1996) , NAWQC are not included as potential PRGs for aquatic life if they are based on the protection of humans or other piscivores. This is because ecological PRGs should not be based on effects on humans, and the PRGs based on protection of aquatic life may be lower than the NAWQCs based on fish consumption. In addition, NAWQCs are not used as potential PRGs for piscivorous wildlife because they are not as rigorously derived or as appropriate to wildlife as the values derived by Sample et al. (1996) .
Where NAWQC were not available, secondary chronic values were derived to be used as benchmarks for screening contaminants for toxicity to aquatic life (Suter and Tsao 1996) . These values rely on fewer data than do the NAWQC. The method for calculating the secondary chronic value is described in EPA's Proposed Water Quality Guidance for the Great Lakes System (1993) and is explained by Suter and Tsao (1996) .
For chemicals that are bioaccumulated by piscivores, benchmarks that protect these wildlife may be lower aqueous concentrations than those that protect the aquatic life within the stream. The benchmarks used for wildlife species that feed primarily on aquatic organisms were derived by Sample et al. (1996) . The mammalian and avian species considered in the document are representative of wildlife found on the Oak Ridge Reservation. To obtain PRGs, lowest-observed-adverse-effects levels (LOAELS) rather than NOAELs are compared to surface water toxicological benchmarks because (1) NOAELs alone give no indication as to how much higher a concentration must be before adverse effects are observed (LOAELs are presumed to be the threshold levels at which effects become evident), (2) NOAELs often have more uncertainties associated with them than do LOAELs (see Sample et al. 1996) , and (3) LOAELs for effects on individual wildlife are expected to correspond to no-effect or negligible-effect levels on wildlife populations. The equation used for calculating the LOAEL-based wildlife benchmarks is: (Sample et al. 1996) , w w w which is equivalent to those used by the EPA (1993) For most of the analytes listed in Table 1 , the chronic NAWQC or the secondary chronic value is the PRG. For several analytes, the PRG is based on the LOAEL for mink. However, one analyte, di-n-butyl phthalate, has a PRG that is derived from an avian LOAEL. For some analytes listed in Table 1 , piscivore benchmarks were not available. Therefore, in these cases, the concentration cannot be assumed to protect piscivores, and the PRGs may change as the data gaps are filled.
If piscivores are not present at a site of concern, the PRGs in Table 1 that reflect toxicity to piscivores (e.g., methyl mercury, thallium, BHC) may be replaced with values from Table 3 , which are benchmarks for toxicity to aquatic life.
SEDIMENT
Organisms that reside in sediments are exposed to different concentrations of contaminants from those in the water column. Chemicals in sediment may be present at higher concentrations and for longer time periods than chemicals dissolved in the surface water. Both the concentrations of chemicals in the solid phase of sediments and concentrations in the pore water are relevant to the exposure of benthic (sediment) organisms, and PRGs are presented for both media (Tables 2 and 3) . If PRGs are available for both sediment and pore water, the PRG that is determined by the remedial investigation to be the best estimate of risk to sediment biota should take precedence. It is assumed that benthic organisms, including fish, are not significant constituents of the diets of mammalian and avian piscivores; therefore, piscivores are not determinants of PRGs for sediment, as they sometimes are for surface waters. If sediments are to be dredged and disposed of on land, PRGs for soil, as well as PRGs for sediments, should be considered. PRGs for sediments are taken from one of seven sources.
The lowest value of the following sediment toxicity benchmarks for each chemical is the PRG: (1) sediment quality criteria proposed by EPA (EPA 1993b-f); (2) sediment criteria based on the chronic NAWQC; (3) criteria calculated from the lowest chronic value for fish, daphnids, or other invertebrates in surface waters; 4) the NOAA Effects Range-Median (ER-M); (5) the Florida Department of Environmental Protection Probable Effect Level (PEL); or (6) the Probable Effects Concentration (PEC) selected from the EPA Assessment and Remediation of Contaminated Sediments (ARCS) Program Report (EPA 1996) and presented in Jones et al. (1997) . All of these are described at length by Jones et al. (1996) , and the lowest chronic values are not used as the PRG if they were originally estimated from acute toxicity (Suter and Tsao 1996) . If these criteria are not available, the PRG is the lower of (1) the sediment benchmark calculated from the secondary chronic value for aquatic toxicity; (2) the Ontario Ministry of the Environment Severe Effect Level; or (3) the high No Effect Concentration (NEC) selected from the ARCS report and presented in Jones et al. (1997) . The secondary chronic value is often one or two orders of magnitude lower than the lowest chronic values; therefore, PRGs based on this value are likely to be more conservative than other PRGs.
The five sediment quality criteria proposed in 1993 by EPA (EPA 1993b-f) are potential ARARs for assessing sediment quality with respect to acenaphthene, dieldrin, endrin, fluoranthene, and phenanthrene at hazardous waste sites. These and the ER-Ms and PELs were the only potential PRGs for organic chemicals that were not calculated based on partitioning between water and sediment. For nonionic organic chemicals for which octanol-water partition coefficients are available, sediment toxicity benchmarks were calculated based on equilibrium partitioning, assuming 1% organic carbon and using the benchmarks for surface waters (NAWQC, secondary chronic values, and lowest chronic values for fish, daphnids, and non-daphnid invertebrates). These benchmarks were considered as possible PRGs, with lower concentrations selected according to the priority discussed previously. An advantage of the equilibrium partitioning approach is that the PRG can be adapted to different sites by adjusting the organic carbon parameter. Both the sediment quality criteria and the equilibrium partitioning benchmarks have been used by ORNL to screen for contaminants of potential concern for ecological risk assessments (Jones et al. 1997) . The equation originally used by EPA (1989) and then used by Jones et al. (1997) The derivation of the equation is given by Jones et al. (1997) . The biological assumptions of the equilibrium partitioning approach, according to Jones et al. (1997) , are:
1. the sensitivities of benthic species and species tested to derive WQC, predominantly water column species, are similar;
2. the levels of protection afforded by WQC are appropriate for benthic organisms; and 3. exposures are similar regardless of feeding type or habitat (EPA 1993b).
Sediments and pore water are assumed to be in continual equilibrium (MacDonald 1994a). PRGs for inorganic chemicals in sediments are taken from the Florida Sediment Quality Assessment Guidelines (SQAGs) (MacDonald 1994a). The SQAGs include Threshold Effects Levels (TELs), "the upper limit of the range of sediment contaminant concentrations dominated by no effects data entries . . . [and] not considered to represent significant hazards to aquatic organisms" and Probable Effects Levels (PELs), "the lower limit of the range of contaminant concentrations that are usually or always associated with adverse biological effects" (MacDonald 1994a). In this document, PELs are used as PRGs for several metals. The calculation used is:
where EDS is the 50th percentile concentration in the effects data set, and NEDS is the 85th percentile m H concentration in the no effects data set. Few data exist on chronic effects of contaminants on organisms in sediments; therefore, many of the studies present acute responses.
The Florida SQAGs were designed for prioritizing risk management actions, interpreting and designing monitoring programs for sediment contamination, designing wetland restoration programs, supporting decisions by multiple parties relating to sediments, etc. They were not intended for use as sediment quality criteria (MacDonald 1994a). The SQAGs were designed for use in marine and estuarine systems only. In addition, factors that influence bioavailability of metals at a site, such as acid volatile sulfide for divalent cations, are not taken into account by these guidelines or PRGs (MacDonald 1994a). Jones et al. (1997) cautions that the sediment benchmarks do not represent remedial goals, since the removal or other disturbance of sediment can affect habitat or cause toxic effects in surface water. Similarly, MacDonald (1994a) suggests that the Florida SQAGs should not be used directly as clean-up targets for hazardous sites without additional site-specific studies. The PRGs for sediments are not ideal and should be modified on a site-by-site basis. Nonetheless, they are the best and most current remedial goals available to protect nonhuman organisms and ecological systems in the absence of reliable sediment toxicity benchmarks.
Although sediments are usually identified for remediation on the basis of their bulk concentrations, in some cases pore water concentrations are the appropriate PRG because the toxicity of the sediment is more clearly associated with the pore water than bulk sediment contaminant levels. This circumstance will occur when the toxicity is primarily due to exposure to pore water, and variance in sediment properties causes the sediment/water distribution coefficient to be variable. Pore water PRGs would also be appropriate where ecological risks are associated with a contaminated groundwater plume that intersects or is predicted to intersect the bed of a stream or river. The PRGs for these cases are the potential PRGs for aquatic life in surface water (i.e., chronic NAWQCs and secondary chronic values). These values are presented in Table 1 , except for those chemicals with aqueous PRGs based on wildlife risks. The values for these chemicals are presented in Table 3 , since it is assumed that piscivores do not feed on sediment-associated organisms. ). The procedure for calculating PRGs for wildlife endpoints is described in the following paragraphs. All benchmarks and all PRGs are based on one or more field, greenhouse, or growth chamber studies.
SOIL
Benchmarks for the three types of organisms (wildlife, plants, and soil invertebrates) were compared, and the lowest value available is the PRG (Table 4) . Remedial goals are rarely based on risks to microbial processes; thus, this benchmark was not a candidate for the PRG. However, it is notable that the toxicity benchmark (or in the case of wildlife, PRG) for heterotrophic processes is lower than that for plants, soil, invertebrates, or wildlife for two chemicals: fluorine and hexachlorobenzene ). In media other than soil, if the benchmarks and therefore the PRGs are not exceeded, it is assumed that the chemical concentration in the medium presents no significant ecological hazard. In soils, the uncertainties associated with the PRGs are probably greater than in water or sediments. These uncertainties include:
1. For many chemicals in Table 4 , toxicity to only one or two of the three types of organisms (plants, wildlife, invertebrates) has been studied.
2. Efroymson et al. (1997a,b) have low confidence in most of the soil benchmarks because of a limited number of studies and/or biological endpoints for almost all contaminants.
3. Soil-earthworm (Sample et al. 1997a ), soil-small mammal (Sample et al. 1997b) , and soil-plant (Efroymson et al. 1997c ) contaminant uptake models do not account for soil and biota properties.
Although the confidence in the numbers in Table 4 is generally low, PRGs for soils are needed. As the toxicity of contaminants to additional organisms is investigated, these preliminary values will be modified. PRGs can only be based on toxicity to categories of organisms that have been studied; final remedial goals can incorporate safety factors to protect other populations. Notes: Efroymson et al. (1997a,b) have low confidence in this value. The level of confidence refers to the benchmark a chosen for the PRG and not to the relationship between it and the benchmarks not chosen. Toxic concentration benchmarks are not available for earthworms. Therefore, the PRG cannot be assumed to b protect earthworms. Soil-plant uptake models, soil-earthworm uptake models or LOAELs were not available for this chemical for c at least one wildlife endpoint (see Table 6 ). Therefore, the PRG cannot be assumed to protect wildlife. Efroymson et al. (1997a,b) have moderate confidence in this value.
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This value is so low that it may often be within background soil concentrations. We do not recommend that e remedial goals be set within the range of background concentrations. Toxic concentration benchmarks are not available for plants in soils. Therefore, the PRG cannot be assumed to f protect plants.
Wildlife PRGs for soil were derived by iteratively calculating exposure estimates using different soil concentrations and soil-to-biota contaminant uptake models. The soil concentrations were manipulated to produce an exposure estimate equivalent to the wildlife endpoint-specific and contaminant-specific LOAEL, which were obtained from Sample et al. (1996) . Uptake models for plants were obtained from Efroymson et al. (1997) ; those for earthworms, from Sample et al. (1997a) ; and those for small mammals, from Sample et al (1997b) . Because different diets may dramatically influence exposures and sensitivity to contaminants varies among species, PRGs were developed for six species present on the Oak Ridge Reservation: short-tailed shrew, white-footed mouse, red fox, white-tailed deer, American woodcock, and red-tailed hawk.
Log-log regression models were used for particular chemicals and diet items if the regressions were significant in the three documents above. The regressions included data from published literature and unpublished datasets if the addition of the latter did not make the regression insignificant. For some chemicals and diet items, only unpublished data were available from which to construct the regression. Median uptake factors (UFs); concentration of chemical in biota divided by concentration in soil) were used if the log-log regression was not significant. Copies of the spreadsheets used to calculate wildlife PRGs appear in the appendix. Intercept and slope parameters are listed if the log-log regression model was used; the median UF parameter is listed if the uptake factor was used.
For each chemical, the PRG for each of the wildlife species was compared, and the lowest value was selected as the final wildlife PRG. This PRG appears in Table 4 if this calculated concentration in soil is lower than the toxicity benchmarks for earthworms and plants. Estimates of oral exposure to contaminants were generated using the generalized exposure model (Sample and Suter 1994 PRGs were calculated for only those chemicals for which both uptake models and LOAELs were available. The 90th percentile of the soil-to-biota uptake factor was used as a conservative estimate of the chemical concentrations in wildlife food types (earthworms, plants, or small mammals). Speciesspecific life history parameters needed to estimate exposure were obtained from Sample and Suter (1994) and are presented in Table 5 . The model accounts for the ingestion of soil as well as food. Summaries of the derivation of PRGs for each species are presented in the appendix.
Soil PRGs for each wildlife species and the recommended final PRG for protection of wildlife, generally, are presented in Table 6 . For most chemicals the final PRG for protection of wildlife was based on the PRG for either short-tailed shrew or American woodcock (Table 6 ). This result is due to the large quantity of soil ingested by these wildlife and the relatively high chemical uptake rates for their food (earthworms). Remedial goals for soils should be modified based on the bioavailability of the contaminants of concern. The bioavailable fraction of a chemical in soil is probably lower than the total concentration. Toxicity tests in soil on which the PRGs are based sometimes begin with known concentrations of a chemical or may assume a relationship between what is extractable by an arbitrary solvent and what is bioavailable. The organic fraction and pH of soil are two major factors that influence the uptake of chemicals by plants. "Aged" organic contaminants may not be as available for uptake as freshly added chemicals. 2,4-Dinitrophenol is an example of a chemical that is more toxic to plants under acidic conditions ). The context of the studies from which the toxicological benchmarks for soil were derived is available in the Efroymson et al. reports (1997a,b) , Sample et al. (1996) , and in greater detail in the original publications. As more is known about the bioavailability of contaminants in soils, the default PRGs should be modified.
PRGs for soil, more than for other media, are likely to be influenced by different land use scenarios. Uses of soil will affect the fraction of land that is suitable for habitat and the necessity of protecting various organisms. The PRGs in Table 4 and the calculations for wildlife assume that habitat is 100% available for the organisms in the assessed region. This assumption is reasonable for relatively immobile organisms such as plants, earthworms, and microorganisms. However, for wildlife, the role of habitat will be important for determining exposure. For example, if the availability of habitat at a site is minimal, use of the site by wildlife, and therefore contaminant exposure, is likely to be minimal. Efroymson, R. A., B. E. Sample, G. W. Suter II, J. J. Beauchamp, M. S. Aplin, and M. E. Will. 1997c draft. Sample et al. 1997a. (3) Small mammal UFs and models from Sample et al. 1997b. (4) Plant UFs and models from Efroymson et al. 1997c HQs for all analytes are equal to 1.0. A-7 A-8 
REFERENCES

